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(54) Digital tyre pressure gauge 

Sj?!*'* P fessu ; e 9 au 9 e converts the pressure into a displacement of an extension spring. The change in length of the 
spring is measured by means of a moving optical grating fixed to the spring, a fixed optical grating and a LED and photo 
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DIGITAL TYRE PRESSURE GAUGE 



This invention concerns the measurement of tyre pressure by means 
of an optical grating sensing the displacement of a spring which 
changes its length in response to the applied pressure from the 
tyre. 

Conventional tyre pressure gauges are very inaccurate. Typical 
accuracy of such gauges is + or - 10%. The design to be 
described is aimed at producing a higher accuracy, but low cost 
digital tyre pressure gauge. 

The pressure is measured by converting the applied pressure into 
a displacement using an extension spring. The displacement is 
measured by using two optical gratings. The optical gratings are 
two glass plates covered with equally spaced thin opaque lines 
going transverse to the direction of displacement. The block 
diagram of the digital tyre pressure gauge is shown in Fig 1. 
The air from the tyre is led into a cylinder and pushes out a 
piston which is held back by the extension spring. 

One of the gratings is fixed to the piston (the index grating). 
As this grating slides over the other grating (the scale 
grating), a phototransistor on one side of the two gratings 
detects pulses of light from a light emitting diode (LED) placed 
on the other side. The index grating is made to have a 
displacement of 20 mm at 50 p.s.i. The line width and 
line spacing are typically 80 micrometres which in this case 
gives a gauge resolution of 0.15 p.s.i. (Line width and line 
spacing need not be equal. For example it may be an advantage 
for the opaque lines to be say 55 microns wide and the 
transparent lines 45 microns wide.) 

The pulses are then counted by a digital counter. For simplicity 
the counter is made to count the pulses generated as the index 
grating moves both up and down when the gauge is applied to the 
tyre and then removed. The number of pulses generated is related 
to the tyre pressure using a look-up table. 

The look-up table consists of two read only memories (ROM) which 
convert the eight bit word out of the counter into three binary 
coded decimal (BCD) words. The BCD words represent three binary 
numbers which when displayed on the liquid crystal display (LCD) 
shows the pressure of the tyre. The LCD driver circuit consists 
of three BCD to 7-segment decoders and a square wave oscillator 
to drive the backplane of the LED. 

The tyre pressure can be displayed in both bars and psi, 
controlled by a switch which essentially changes the input 
addresses of the ROMs. The LCD displays a f p' when the pressure 
is given in psi and a 'b 1 when given in bars. 

The pressure gauge consumes very little power so that a battery 
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power supply can be used. The pressure gauge is provided with an 
on/off switch and button to reset the counter before each 
measurement. 

This method of measuring the tyre pressure was chosen For s feral 
reasons The output of the displacement transducer (which 
consists of the two gratings, the LED and the phototransister) is 
a oioitai signal. This an important advantage of this method 
since no analogue to digital converter is needed to display the 
Pressure on tne LCD. Shis optimises both the simplicity and 
accuracy of the electronic system required. The Pressure 
transducer has a very low temperature coefficient and is highly 
linear . 

In order to keep the digital tyre pressure gauge very accurate, 
each gauge can be calibrated individually This is beca use each, 
oauoe is provided with a spring with different spring 
characteristics. Also the friction in the cylinder will vary for 
each oauqe. The calibration is done by programming the ROils. 
?ne data to be programmed into the ROHs are obtained by comparing 
lut number of pulses generated with the applied pressure. The 
relationship between the applied pressure and the number of 
oulles generated is linear. The calibration can 
be done in mass production using a computerised calibration 
system where only a few pressures are applied to each gauge. An 
alternative approach may be possible in which une springs are 
ootalned withi^close limits and friction ^^^p^T^ 
Then it may be possible to .use a fixed read only memory (RDM) and 
effect the calibration accurately at a selected point in the 
scale by ore-setting a fixed number in the counter. In this way 
Kf reading could be made quite accurate at say 26 psi and any 
variations 'of the spring tension would only affect the slope of 
the count versus pressure about the selected point. Such an 
arrangement could dramatically reduce the cost if an application 
specific integrated circuit (ASIC) could be designed. 

The accuracy and reproducibility of the digital tyre pressure 
oauqe depends on a precise count of the number of pulses 
operated by the movement of the index grating over the scale 
orating? The circuit is designed with two trigger levels 
(hysSesis) as shown in Fig 2 such that the gratings must move 
be^no X second trigger level before the next pulse is counted^ 
This minimises spurious counts, particularly at zero and full 
scale displacement . In this way the number of error pulses is 
Kpt to a maximum of 2 per reading giving the pressure gauge a 
repeatability of + or - 0.2 psi. 

The accuracy of the calibration can be kept within 0.3K by using 
a high quality reference gauge and a stable pressure source. The 
effect of the variation in the friction is kept small by X^ping 
tZ friction as low as possible. Low friction is stained in the 
„ rn . nl . vn . usina PTFE as the bearing material. The gratings 
shouloTe closeVgether, but not so close that they introduce a 
friction error. 
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i^obtSSriT designed so that maximum number of 256 pulses 
is obtained for a pressure of 50 psi. The ln«. B r iJJ , f L P ulses 

was determined by the initial teflon of IZ Jorinn ^n/^f 
friction of the piston. It was set to be 10 psi. P 9 the 

The temperature ranqe of the dioital t-v/i^ 

determined by the temoeLf ?L lilt * I i ressure 9^ge was 
Based on these factors t S t ° f the con, P°^nts used, 

degrees Celsius. ' te ">Perature range is from 0 to 40 

Other facilities can be introduced in the desion of fh» ^ 
By using the method described, the final cost n f fh a 

?,%T Pr L 3 s!: e e pl g X teepina " e — -~ t£ 
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CLAIMS 



1. A means of measuring tyre pressure using a grating to 
determine the change in length of a spring. 

2. The use of an fixed grating with similar spacing to the moving 
grating to detect the movement of the spring. 

3. Detection of the movement of the grating according to claim 2 
by means of a photodiode and photodetector. 

4. Means of counting the pulses produced by the photodetector 
described in claim 3. 

5. A detection circuit with hysteresis, typically a circuit 
commonly called a Schmitt trigger so that the detected signal has 
to change by a predetermined amount before a second pulse can be 
counted? Such a circuit minimises spurious counts when the mowing 
grating is stationary near to the threshold detection point. 

6. Means for comparing the count accumulated in the counter with 
a "look up table" so that the pressure associateo with the 
movement may be obtained. 

7. Means of displaying digitally the pressure such as a Liquid 
Crystal Display (LCD). 

B. • Means for improving the accuracy by setting an initial count 
into the counter so the the reading at a chosen pressure is more 
accurate. 

9. A pressure measuring arrangement substantially as described 
with reference to the drawings accompanying either of the 
provisional specifications. 
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Amendments to the claims have been filed as follows 



1. A means of measuring tyre pressure using a gratinq to 
determine the change in length of a spring. 

i : fI hf Mf e the gratin ? as claimed in Claim 1 with a fixed gratinq 
with the same spacing to detect the change in length of the 
spring. 3 

3. Detection of the movement of the grating as claimed in Claim 2 
by means of a photodiode and photodetector. 

t' Iu ^h d Ki^ ti0n . CirC i ,it . f0 f, the P h °t°detector as claimed in Claim 
l ? ltn hysteresis, typically a circuit commonly called a Schmitt 

SiEE, - S °h th3t ♦ d6teCted Signal has to change by a 
predetermined amount before a second pulse can be counted. Such a 

circuit minimises spurious counts when the moving qratino is 

stationary near to the threshold detection point. 

5. Means of counting the pulses produced by the photodetector 
as claimed in Claim 3 or Claim 4. 

6. Heans for comparing the count accumulated as claimed in Claim 
5 with a "look up table" so that the pressure associated with the 
movement may be obtained. 

7. Means for improving the accuracy by setting an initial count 
into the counter as claimed in Claim 5 so the the reading at a 
chosen pressure is more accurate. 

8. Heans of displaying the pressure as claimed in Claim 6 or 
Llaim 7 such as a liquid crystal display. 

9 \u A Pressure measuring arrangement substantially as described 
with reference to the drawings accomoanying either of the 
provisional specifications. 
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